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The above phofo shows fhe B- 1 B 
Bomber. This is one of the many 
fypes oi aircraft fhaf uses the 
Deu f sc h fif f in gs. 

Of?fGlNAL PAGE IS 
OF POOR QUALITY 
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HIGH FATIGUE 
PERFORMANCE 

BACK-UP SEALS 

FITTING DESIGN 
The upper photo shows a cut-a-way 
Perm aswage" fit ti ng connecting toget her 
twopiecesof tubing.Thefitting isslid into the 
tubes and then swaged or crimped resulting 
in  a permanent l ight weight connection. 
Completed connections feature 2 seals on 
each side of the fitting. One is a positive 
metal-metal seal the other is asilicone back- 
up seal. 
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The lower photo shows the PyploP fitting 
and pipe connecting system which is similar 
in concept to Permaswage", but is used on 
piping systems in the Ship Building/Ship 
Repair and Petrochemical Industries Both 
systems are available in the standard Pipe/ 
Tube fitting configuration, such as; Coupling, 
Tees, Elbows, Reducers, e t c  



SWAGE TOOL 

ORIGINAL FAG€ IS 
OF POOR QUALITY 

This Swaging Tool is one of the models of the 
product line which is the subject of the 
paper. There are 6 different models in the 
product line: Model 5, 10, 20, 30, 40, and 
Model 55. For simplicity in this paper only 
one model will be discussed. The swaging 
tool which performs the swaging orcrimping 
of these fittings is hydraulically actuated. 

105 

The photo above shows this tool in operation. 
The upper left hand slide shows the top portion 
of the toolwhichcontainsa slotted Die which 
transforms axial or linear force from an axial 
direction to radially acting force. The next 
slide shows a detail of this Swage Die. 



I 
EXISTING SWAGE TOOL 
This slide shows the previous generation Tool. Pressurized oil enters at the bottom of the Tool and 
actuates the upper and lower pistons. These pistons force the lower die block against the slotted 
die which performs the swaging operation. 

DESIGN OBJECTIVE: 
0 

0 

To double the operational cycle life of the product. 
MCD felt that with some redesign of the tool, cycle life could be substantially extended. 
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APPROACH USED TO 
ACCOMPLISH DESIGN OBJECTIVE 

First, we submitted the existing Swage Tool to finite element analysis. 
Second, we determlned the stress level required. This was based on a S-N Curve for the 
selected material and the operational cycle life requirement. 
Third, we concentrated our efforts on the highly stressed areas noted above. 
The first area analyzed was"A", the force on this area is 1 /2 the total tonnage of the tool. Model 
55 tool would have a total force of 1 1 O,OOO# of which 55,000# would be concentrated under 
worst conditions on this area 
" B  is the reaction area 
"C" reacts the forces trhu the Strut and Top Cap back into the cylinder. 
" D  is the area where the Top Cap Threads mate the cylinder. 
These areas will be discussed in detail starting with "A'. 
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6 6  Y Y  A R E A -  A 

1 at the radius was increased as 
shown above. This reduced the 
stress. 

f- 

< 
CON TAC 7 

ANGL €, 

2nd the contact angle which was 
O", was changed. This reduced 
the stress some more. It should 
be ooted at thls point, different 
angles were tried from 0"-45". 
The optimim angle was found to 
be 30". 

3rd the compression area was 
then made smaller. Again this 
reduced the moment and the 
associated stress. 
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AREA “A” CONT. 

4th the contact area was reduced 
and the radius moved inward. 
This too lowered the stress level 
because the area across the high 
stress section was increased. The 
contact stress was performed by 
hand calculations. ’ 

/ 
/. 

I 
I 
I 
I 
I 

Sth  the overall size was reduced. 
This was possible because the 
stress level had been substan- 
tially reduced in all areas. 

The actual final FEA are shown on the following slides 
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THE SECOND AREA ANALYZED WAS THE 
REACTION PRESSURE AREA AT"B" 

1 at the radius was increased as 
shown above. This reduced the 
stress. 

2nd thecontact anglewhich was 
1 o", was changed to the optimum 
angle of 30". The contact area 
was also changed again. Both of 
these changes lowered the 
stresses. 

3rd The radii on both parts were 
made more generous 8 blended 
together. This again reduced the 
stress not only on the head, but 
also the cylinder. The result was 
asmallerand lightercylinder and 
head. Actual FEA slides follow. 
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4 P I E C E  D E S I G N  

KNURLLED 
NUT 

- T O P  CAP 

THE 3RD AREA ANALYZED WAS rrC’g 
Knowing the forces involved i t  was an easy step to go from a (4) piece design, to a (1) piece design. 
The Strut, Knurled Nut, Top Cap and Cylinder were all made part of the Cylinder. This completely 
eliminated3 parts. Finite elementsagain checked all high stress areas.The first analysis on the new 
design found several areas which had excessively high stress. Adding more material to the O.D. of the 
Cylinder and changing to a larger radius as shown resulted in acceptable stress levels. 
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THE 4TH AREA ANALYZED WAS ‘‘DYy 
Lab tests showed that premature failure occurred at the 1 st and 2nd thread area before we could 
reach the required cycle life.Tosolve the problem we made the following engineering modifications: 

~ 

~ 

FIRST- More material was added to the O.D. of the cylinder where the failure occurred. 
Repeated tests showed very little improvement in the cycle life. 

I 
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60% LOAD 

ACTUAL THD.  LENGTH THD LENGTH FOR F E A  

SECOND - The thread area was submitted to finite element analysis. The analysis was made for 
only 2 threads and was in 2 “D”. 30% of the load was applied to each thread. This 
loading was applied because studies have shown that 60% of the load on a screw 
thread is concentrated on the first 2 threads. 

FEA showed the weak area up immediately. It was, as expected, at the root of the 
thread. 
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rHlRD - Using this configuration and finite element analysis i t  was found that a modified UNJ 

as, on the male thread, greatly reduced the root stress level. This now became a 
modified thread because the standard UNJ thread only specified that the male have a 
root radius. With this female root radius it was alsc necessary to modify the O.D. of the 
male thread to prevent interference. Prototype models were then made, however, we 
still did not meet our required 100,000 cycle life requirement. 

I thread with the thread root radius at the bottom of the cylinder(fema1e) thread, as well 
I 

119 



LARGER THAN S T D .  UNJ RAD. 
W I T H  SMALL CONTACT AREA 

FOURTH - The next step was to return to FEA which showed that an increase in the root radius 
over and above the recommended UNJ radius would again lower stress levels. This 
was then tested and it was proven to add significantly to the cycle life. This solved the 
tool cycle life problem, however, because the area of contact was reduced the design 
could be a problem in manufacturing. If manufacturing made the slightest deviation in 
thread configuration failure could occur in the shear mode. 
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STD. PITCH THREAD 

TAPERED PITCH THREAD 

TOP 

Tl lnEAO 

1.0 2 . 0  5 . 0  4 . 0  

LOAD/ T l l f l E  A 0  

DOLT 

1'1 IIIEADS 

FIFTH - TAPERED PITCH DIAMETER Asafinalstep, wefoundanarticlewrittenforASMEon, 
"Effect of taper on screw-thread load-distribution". This article basically states that a 
.006 inch/inch taper of the pitch dia would result in afairlydistributed thread load.This 
design was first programmed on the CAD System and then subjected to finite element 
analysis. Results looked outstanding. Models were made and subject to test. The 
100,000 cycle requirement was not only met but continuous cycle testing went well 
beyond the 100,000 cycles without any signs of failure in this area. It should be noted 
at this point that the cylinder wall was also reduced. The amount of reduction was 
almost 50% less than the original concept. This whole exercise proves that adding 
material does not necessarily make for a stronger product. The following slides show 
the final FEA results. 

12 1 



I 

122 



V m 
i2L 

x 
W 

b 

W 
Iy 
0 
I- tn 
W 
Iy 

m 
IY 
W 
L: 

m 

cc 
$4 
4 
4 
n 
rt 
n 

0 
W 
H 
J 

M U  
3 

v) 
0 0  
w(lr 
IyJ 

CL: 
l x w  
w u  o s  
Ll- 
H 

F k  

u a  

FO 

J Q  
> w  
v a  

W 
' 3Q r u  
= I -  

123 



124 



I3 

- 

W E I C l l T  1 2 . 5  LUS 

12. ’ * O l  
1.067 D I A  

WEIGHT 4.0 LBS 

I : ! !  I 

I 
B E F O R E  

5 .  

I 

I 
AFTER 

:INAL DESIGN 
e above slide shows the’lbefore and after” configuration after incorporating the aforementioned 
anges The right hand slide shows the final design. 

e 2 units shown have the same indentical swaging force and swage the same size fitting. The 
wall height had changed from approximately 10” to 5lh”. The cylinder diameter from 3.235 to 
67 diameter. The head width from 2.180 to 1.95.8 and the weight from 12.5 pounds to 4.0 
unds 

is new design with its fewer and smaller parts has increased, in numerous areas, the profitability 
d producibility of this product line. 

125 



BEFORE 

AFTER 

A> . , 

126 



! IMPORTANCE OF SIZE & WEIGHT 
This smaller site design which we were able to generate was very important to the marketing 
jepartment. The smaller configuration allowd the tooling to perform the swaging operations in very 
:onfined and cramped areas such as would be found in military aircraft and piping banks aboard 
;hip. Whileihe original objective was to increase operational cycle life it soon became very evident 
:hat the smaller size and weight was a definite plus in marketing this product. 

EN G I N E E R 1 NG ‘1.N NOVATIONS 
Whough, finite element analysis played a large part in accomplishing the design objectives there 
vere some engineering innovations which also contributed to the success of this product. These 
terns include the slide-on type head feature, the material selection, the tapered thread and the 
:hange from 5500 psi to 10,000 psi hydraulic pressure. All otherchangeswere directly attributed to 
inite element analysis. 

127 



MODEL 5 

NEW w r .  1 . 3  Les. 
OLD wr.  4 . 7  Les. 

I EXISTINGMODELS I 

“OMPLETE J PROQUCT LINE 
he existing models are shown in the shaded area. The new models are shown in the white area 
ithin the shaded areas. 

SUMMARY 
de started with the design objective to increase the operational cycle life of the Swaging Tool. To 
ccomplish this increase in cycle life without increasing the size or weight of the tool would have 
een engineering achievement. However, we not only incrased the operational cycle life between 2 
3 10 x but simultaneously we decreased the size and weight of the Swage Tool by about 50%. This 
ccomplishment now becomes an outstanding engineering achievement. 

his achiever ient was only possible because of the computerized Patran, Nastran and Medusa 
Vograms. 
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3FTWARE & HARDWARE USED FOR PROGRAM 

i e  analysis shown in this paperwas performed at the Deutsch Metal Components Division using 
e Patran & CosmWNastran programs. The geometry was generated on Medusa Program and 
ansferred to Patran for analysis.The computer used was a Prime 2655. Hardcopies of the finite 
ement model and analysis results were obtained by Patran through a Tektronix 41 15 terminal 
Joked to a Tektronix 4692 Ink-jet plotter. 
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